Trachoma, an ocular infection caused by Chlamydia trachomatis, is the second leading cause of blindness worldwide. The blinding sequelae, which occur in middle age, are felt to be the result of numerous or lengthy episodes of severe inflammatory trachoma in childhood. Risk factors for constant, severe trachoma were identified in a group of children enrolled in a longitudinal study in Kongwa, Tanzania, where villages were randomized in a clinical trial of mass treatment and a behavior modification campaign. In 1989, each of 1,417 randomly selected children had photographs taken of an upper eyelid for determination of their trachoma status. The photographs were graded by a reader who was masked as to the village and date of each photograph. Risk factor data on the family's socioeconomic status, distance to water, and hygiene practices were obtained at baseline. Follow-up examinations occurred 2, 6, and 12 months from baseline. Data from all four time points were available for 82% of the children enrolled. Overall, 10% of the children had constant, severe trachoma, defined as severe trachoma at three or four examinations. The odds ratio for severe trachoma was 1.9 for female children (95% confidence interval 1.3-2.7). Familial cattle ownership and having one or more siblings with trachoma at baseline were also significantly related to the odds of having severe trachoma. Children with a sustainably clean face had lower odds (odds ratio = 0.4, 95% confidence interval 0.3-0.7). A subgroup of 10% of children in these hyperendemic communities always seemed to have severe trachoma, despite enrollment in a mass treatment campaign. Improved face-washing plus antibiotic treatment may decrease the likelihood that these children will be at risk for blinding complications in adulthood. Am J
Trachoma, an ocular infection caused by Chlamydia trachomatis, is the second leading cause of blindness worldwide (1) . Active trachoma occurs predominately in preschool children in hyperendemic communities, with the risk of blinding complications occurring in middle-aged and older adults (2) . Blindness is due to corneal opacification, the result of inturned eyelashes which abrade the corneal surface. There is an association between trichiasis and entropion and the presence of severe scarring in children (3) . The association is plausible, because scarring contracts the tarsal plate and can cause the eyelashes to rotate inward toward the globe. Severe inflammatory trachoma is felt to be a marker for subsequent severe scarring (4, 5) . Scar-ring may well reflect not only the severity of the inflammatory response to chlamydia infection but also the number of episodes or the amount of time spent in the state of severe inflammation.
In our longitudinal data set from the Kongwa Trachoma Project in central Tanzania, we had a unique opportunity to identify children who appeared to have constant, severe trachoma over the course of 1 year, and to identify risk factors that predisposed children to this state. By quantifying the magnitude of this problem and identifying risk factors, interventions to control chlamydia infection in these children could be designed.
MATERIALS AND METHODS
The Kongwa Trachoma Project is a large community-based clinical trial that was set up to evaluate the impact of maintaining clean faces on trachoma (6) . The analysis for this study grew out of the data collected as part of that project.
Kongwa, Tanzania, is a subdistrict of central Tanzania, an area that is hyperendemic for trachoma (2) .
In 1989, we selected three pairs of villages in this area for inclusion in the Kongwa Trachoma Project. The pairs of villages were matched according to clinical trachoma status, degree of maternal education, and the clean-face status of preschool children. Once the villages were identified, a complete census was undertaken in each village. One of each of the pairs of villages was randomly assigned to receive either mass treatment with topical tetracycline (1 percent ointment) alone or mass treatment plus an intensive facewashing intervention program. Details on the facewashing intervention program and the design of the study have been given elsewhere (7) .
Within each village, households with preschool children were enumerated and approximately 240 households were randomly selected. Within selected households, one preschool child was randomly chosen to serve as the index child in the longitudinal assessment of trachoma.
Surveys for clinical trachoma status were carried out in each village over the course of 1 year. Baseline surveys were conducted in 1989, followed by surveys 2 months from baseline (2 months posttreatment), 6 months from baseline, and (in 1990) 1 year from baseline. Trachoma was assessed on the basis of two photographs of the right eye taken by a trained photographer. The photographs were graded by a single observer who was masked as to village, date of the photograph, and person. Photographs were graded using the World Health Organization Simplified Grading Scheme (8) . For this study, we focused on severe trachoma, defined as having at least half of the deep tarsal vessels obscured by inflammation. For purposes of this analysis, "constant, severe trachoma" was defined as the presence of severe inflammatory trachoma on at least three of the four examinations.
Data collected at baseline included age, sex, geographic location within the neighborhood and family, and familial socioeconomic status variables such as type of roof, cattle ownership, and religion. The distance from the household to the nearest water source was determined, and observations were made on the clean-face status of the children. Clinical trachoma was graded in all siblings of the index child at baseline. Follow-up examinations included gathering data on the clean-face status of the index child as well as trachoma status.
A clean face was determined by trained observers who visited the child's home on 2 separate days. Nasal discharge, flies on the face, and ocular material around the eyes were judged as being present or absent. A clean face was defined as the absence of any sign or the presence of only one sign over the 2-day period of observation. Being judged to have a "sustainably clean face" required two components: first, having no signs of an unclean face, or only one sign, on each of the 2 days of observation; second, having a clean face in at least two of the three follow-up periods.
As part of the Kongwa Trachoma Project, a mass treatment campaign was conducted in all villages using topical tetracycline administered once per day for 4 weeks. The mass treatment took place immediately following the baseline survey. Village treatment assistants were recruited from each village and were trained in proper instillation of ointment and proper recordkeeping. Each treatment assistant was responsible for administering ointment in 10 households. Adult family members could administer ointment to themselves if trained by a member of our team. According to the treatment assistant records, an estimated 87 percent of children received at least 27 days of treatment. Laboratory evidence of chlamydia infection posttreatment, using direct fluorescent antibody tests (Micro-trak; SYVA, Palo Alto, California), suggested very few noncompliers (9) .
Contingency table analyses examining the association between constant, severe trachoma and possible risk factors were carried out. Multiple logistic regression analysis was used to estimate the independent contribution of each of the risk factors. Effect modification was evaluated using stratified analysis and regression analysis specific to each stratum.
RESULTS
A total of 1,417 children aged 1-7 years were enrolled in the Kongwa Trachoma Project Study at baseline. Of the 1,417 children, 1,168 (82 percent) participated in all four examinations. The group of children with fewer than four examinations tended to have no siblings with trachoma and to live in families who did not own cattle. None of the other variables differed significantly between the group of children who attended all four examinations and the group who attended fewer than four (table 1) . Table 2 shows the distribution of number of examinations with severe trachoma over the course of the study. Ten percent of the children had severe trachoma at three or four of the examinations, while 59 percent never had severe trachoma at any of the examinations. As expected, severe trachoma was most common at baseline, before mass treatment. Thirty-one percent of the children in these villages had severe trachoma at baseline. By 1 year of follow-up, 22 percent of the children had severe trachoma despite the mass treatment given 10 months earlier.
The age and sex distribution of children with constant, severe trachoma is shown in figure 1 . In general, females between ages 1 and 7 had an increased risk of constant, severe trachoma. This risk was most pronounced in female children aged 6-7 years, where the rate equalled that seen at age 1. There was no evidence of any decline in constant, severe trachoma with age in either males or females between ages 1 and 7. Figure  1 also shows the prevalence of episodes of severe trachoma over the year, by age, in females and males. At every time point, females generally tended to have more severe trachoma than males, with no evidence for a decline by age 6-7, as was present in the males. The prevalence of constant, severe trachoma varied considerably by neighborhood, showing a clustering phenomenon as previously described (2, 10) (figure 2). The prevalence rates varied from zero in two neighborhoods to greater than 15 percent in five neighborhoods. No neighborhoods had constant, severe trachoma in more than 20 percent of children.
The intervention of a hygiene program had an impact on the children with constant, severe trachoma (table 3) . The prevalence rate of constant, severe trachoma in the intervention villages was 8 percent, compared with 12 percent in the control villages. The difference was even more marked according to whether or not a child had a sustainably clean face. Children with sustainably clean faces had a prevalence rate of 4 percent for constant, severe trachoma, com- Children with constant, severe trachoma were more likely to have siblings with severe trachoma at baseline (table 4). The prevalence rate varied from 8 percent in children who had no siblings with severe trachoma to a greater than threefold increase in prevalence rates among children who had more than one sibling with severe trachoma at baseline. These factors were evaluated in a logistic regression analysis to determine risk factors for constant, severe trachoma after adjustment for covariates (table 5) . Interestingly, factors previously associated with trachoma were not important in the prediction of constant, severe trachoma. The distance from the home to a water source, the presence of a tin roof, and traditional religion were not significant factors. The risk declined only slightly with age, and the confidence interval overlapped 1. The most important risk factors were familial cattle ownership, living in a house where one or more siblings also had severe trachoma, and being female. Independently of these factors, children • OR, odds ratio; Cl, confidence Interval.
with a sustainably clean face had a lower risk of constant, severe trachoma. We examined the possible interaction between female sex and living in a household with a sibling with severe trachoma, under the assumption that female children are responsible for caring for such children. However, the interaction was not significant, because having a sibling with severe trachoma was a risk factor for both boys and girls (table 6). Sex appeared to modify the association between age and the odds of constant, severe trachoma. In girls, the odds of trachoma did not decline with age, while in boys they did.
DISCUSSION
In hyperendemic communities, it is clear that not all children who have active trachoma go on to have blinding complications in adulthood. In this area of Kongwa, Tanzania, 60 percent or more of children have active disease, whereas the trichiasis/entropion rate is close to 10 percent for persons aged 50 years or more. It may be that the subgroup of children with constant, severe trachoma are the children who are at greatest risk of developing blinding complications. A prospective study is needed to answer this question.
In this population, cross-sectional studies suggested that there was not a marked difference in the prevalence of severe trachoma between male and female children (2). Thus, it was unusual to see an almost twofold increased risk of constant, severe trachoma over the 1-year period of study in females compared with males. Previous studies have shown that females have 2-4 times the risk of males for blinding complications (2). This excess risk was thought to be due to more exposure to chlamydia infection as a result of child-care activities, which are often the exclusive domain of females in this area. In fact, one study has shown that female caretakers are more likely to have active disease than women who are not caretakers (11) . The questions of whether these women are the same as those who go on to develop blinding complications, and whether the children with constant, severe infection will develop these sequelae, await a prospective study. Previous child care activities did not increase the risk of trichiasis/entropion in women in a recent case-control study (12) .
Our data suggest that there may be a subgroup of young females who have severe trachoma over a prolonged period, at least over the course of the year of our observations. Whether these female children are at increased risk of constant, severe trachoma because of constant reexposure or maintenance of infection is unknown. Certainly, exposure to siblings with severe trachoma did not entirely explain the excess risk seen among females. Females also showed no decline in the risk of constant, severe infection with age, although the males did. Differential loss of males with trachoma in our sample due to lack of follow-up probably does not explain these findings, since the distributions of males and of children with trachoma at baseline were similar between the groups with and without all four examinations.
There is currently interest in potentially differing immunologic responses to chlamydia which may explain the more severe consequences of ocular or genital infection. It could be speculated that the children with constant, severe infection reflect a subgroup of children who respond to constant exposure by mounting a severe inflammatory reaction. This would be an interesting finding and might explain these data.
It is likely that these children represent a cohort at high risk for developing the blinding complications of trachoma, and thus further studies are warranted. It is reassuring to note that treatment followed by enhanced face-washing appears to decrease the risk of severe trachoma in this high-risk population.
